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SYSTEM AND METHOD OF MANUFACTURE
FOR LED PACKAGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 15/952,783, filed Apr. 13, 2018, which claims

priority to provisional U.S. Patent Application No. 62/486,
908, filed Apr. 18, 2017, the disclosures of which are hereby

incorporated by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to light sources
that can be used 1n automotive applications and more
particularly to light emitting diode (LED) packages that are
robust and cost effective making the LED package useful for
demanding applications such as automobile applications.

Background

Light Emitting Diode (LED) packages are widely being
used 1n many lighting applications including general light-
ing, back lighting, signage, automobiles, and, so on. Nev-
ertheless, the widespread use of high-power LED devices 1s
still somewhat limited because of packaging. For example,
many current LED packages cannot handle the high-power
density of LED chips because of insuilicient heat dissipation
away from the LED dies. Insuilicient heat dissipation away
from the LED die limits the mimmimum size of the package
and therefore the density of LEDs per unit area 1n the device.
Further, insuflicient heat dissipation can cause high-powered
LEDs to operate at higher temperatures and run very hot
which effects light output, LED efliciency, and LED reli-
ability.

Heat dissipation problems become more serious when
LED packages are placed 1in environments that are hot such
as 1n automobiles. For example LED packages that are
operated near an automobile engine compartment can be
subject to higher temperatures than normal background
temperatures, which can significantly impact LED perfor-
mance. These problems can be compounded when the use of
heat sinks are discouraged because of the additional weight
that heat sinks add to an automobile.

Therefore, what 1s needed 1s an LED package that has
improved thermal performance while being simple to use,
robust, cost eflective and suitable for used in demanding
environments such as automobiles.

SUMMARY OF THE INVENTION

Accordingly, embodiments are directed to techniques and
systems that can be used to provide an LED package that has
improved thermal performance while being simple to use,
robust, cost eflective and suitable for used in demanding
environments such as automobiles.

Embodiments include a light emitting diode (LED) pack-
age, comprising an aluminum nitride (AIN) substrate, a
patterned copper layer with polished portions formed on a
first side of the substrate, at least one LED disposed over the
polished portions of the patterned copper layer, covers
incorporating one or more phosphors disposed over the
LEDs, a silicone fill and dam walls. The silicone fill 1s
bordered by silicone dam walls and silicone fill surfaces and
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2

1s formed 1n between the LEDs and covers. In some embodi-
ments, the silicone fill does not extend over the covers. The
silicone fill surface and the ends of the dam walls are
substantially planar with a side of a substrate. The LED
package can also include a thermal pad disposed on an
opposite side of the substrate.

In other embodiments, an LED package includes a sub-
strate, a patterned copper layer formed on a first side of the
substrate, wherein the patterned copper layer comprises
polished portions on the surface opposite the substrate, a
gold layer formed on at least one polished portion of the
patterned copper layer, and an LED attached to the gold
layer formed on the polished portion of the patterned copper
layer. The substrate can include AIN. The LED can be
attached to the gold layer using AuSn. In embodiments, the
LED package can further include a cover disposed over the
LED, first and second silicone walls formed on two sides of
the LED, a silicone fill, which does not extend over the
cover, formed 1n between the first and second silicone walls
and 1n between at least two LEDs. The cover can include one
or more phosphors and overhang at least one side of the LED
that it 1s disposed on. The LED package can also include a
thermal pad disposed on an opposite side of the substrate.

In yet another embodiment, the silicone fill that 1s dis-
posed 1n between at least two LEDs has a height that extends
higher than the height of the two LEDs 1n a region between
the two LEDs.

In yet another embodiment, the silicone fill that 1s dis-
posed in between at least two LEDs has a height that extends
lower than the height of the two LEDs 1n a region between
the two LEDs.

In yet another embodiment, the silicone fill that 1s dis-
posed 1 between at least two LEDs has a height that 1s
substantially the same as the height of the two LEDs 1n a
region between the two LEDs.

In yet another embodiment, a second thermal pad 1s
disposed on the same side of the substrate as the first thermal
pad 1s disposed, the second thermal pad being separated
from the first thermal pad by a gap larger than 400 microm-
eter.

Embodiments for fabricating an LED package include
providing a substrate, disposing a patterned copper layer on
the substrate, wherein a portion of the patterned copper layer
1s polished, disposing a first LED and a second LED on the
polished portion of the patterned copper layer, disposing a
first cover on the first LED and a second cover on the second
LED, dispensing linearly a first dam wall and a second dam
wall along opposite sides of the first LED and the second
LED, dispensing a silicone fill 1n between the first dam wall
and the second dam wall and in between the first LED and
second LED, and forming a first silicone fill surface that 1s
substantially planar with a first end of the substrate by
separating the LED package. The first cover and the second
cover can include one or more phosphors. The first dam wall
and the second dam wall can include silicone. The substrate
can include aluminum nitride (AIN).

In yet another embodiment, the silicone fill 1s dispensed
so that 1t does not extend over the first cover or the second
cover.

In yet another embodiment, a transient voltage suppres-
sion (IT'VS) chip 1s disposed onto the patterned copper layer.

In yvet another embodiment, a gold layer 1s formed on at
least one polished portion of the patterned copper layer. In
this embodiment the first LED and the second LED are
disposed on the gold layer. The first LED and the second
LED can be attached to the gold layer using AuSn flux. The
attachment can be done using reflow bonding.
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In yet another embodiment, the silicone fill 1s disposed in
between the first LED and the second LED to a height that
extends higher than the height of the two LEDs 1n a region
between the two LEDs.

In yet another embodiment, the silicone fill 1s disposed 1n
between the first LED and the second LED to a height that
extends lower than the height of the two LEDs 1n a region
between the two LEDs.

In yet another embodiment, the silicone fill 1s disposed in
between the first LED and the second LED to a height that
1s substantially the same as the height of the two LEDs 1n a
region between the two LEDs.

In yet another embodiment, at least one thermal pad 1s
dispose on a second side of the substrate.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further

explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this specification, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the ivention.

FIG. 1 1s an example of an LED package having superior
thermal properties and capable for use 1s 1 demanding
environments such as automobiles.

FIG. 2 1s an illustration showing details of an LED
package having superior thermal properties and capable for
use 1s 1n demanding environments such as automobiles.

FIG. 3 1s a flow chart showing techniques used to fabri-
cate an LED package having superior thermal properties.

FIGS. 4A-4D 1illustrate details of an LED package at
various times 1n the fabrication process.

FIGS. SA-5D are side views of an LED package having
superior thermal properties for several embodiments.

FIGS. 6A-6C are cross sectional views of the LED
package 1llustrated 1n FIG. 2 along the AA' cutline.

FIGS. 7TA-7B illustrate the back side of an LED package
showing thermal pads on the back side of the substrate.

FIGS. 8A-8D are side view illustrations of various exem-
plary apparatuses having a light-emitting device.

DETAILED DESCRIPTION OF TH.
ILLUSTRATED EMBODIMENTS

L1

Various aspects of the invention will be described herein
with reference to drawings that are schematic 1llustrations of
idealized configurations of the present invention. As such,
variations from the shapes of the illustrations resulting from
manufacturing techniques, tolerances, etc., are to be
expected. Thus, the various aspects of the invention pre-
sented throughout this disclosure should not be construed as
limited to the particular shapes of elements (e.g., regions,
layers, sections, substrates, etc.) illustrated and described
herein, but are to include deviations 1n shapes that result, for
example, from manufacturing. By way ol example, an
clement illustrated or described as a rectangle may have
rounded or curved features and/or a gradient concentration

at 1ts edges rather than a discrete change from one element
to another.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as 1llustrated in the
drawings. It will be understood that relative terms are
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intended to encompass ditferent orientations of an apparatus
in addition to the orientation depicted in the drawings. By
way ol example, 11 an apparatus in the drawings 1s turned
over, elements disclosed as being on the “lower” side of
other elements would then be oriented on the “upper” side
of the other elements. The term “lower” can therefore
encompass both an orientation of “lower” and “upper,”
depending on the particular orientation of the apparatus.
Similarly, 1 an apparatus in the drawing 1s turned over,
clements described as “below” or “beneath™ other elements
would then be oriented “above” the other elements. The
terms “below” or “beneath” can therefore encompass both
an orientation of above and below.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this mnvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and this disclosure.

As used herein, the singular forms “a,” “an,” and “the™ are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprise,” “comprises,” and/or “com-
prising,” when used 1n this specification, specily the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
The term “and/or” includes any and all combinations of one
or more of the associated listed 1tems.

Various disclosed aspects may be illustrated with refer-
ence to one or more exemplary configurations. As used
herein, the term “exemplary” means “serving as an example,
instance, or illustration,” and should not necessarily be
construed as preferred or advantageous over other configu-
rations disclosed herein.

Furthermore, various descriptive terms used herein, such
as “on” and “transparent,” should be given the broadest
meaning possible within the context of the present disclo-
sure. It will be understood that when an element such as a
region, layer, section, substrate, or the like, 1s referred to as
being “on” another element, it can be directly on the other
clement or intervening elements may also be present. In
contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening eclements
present. In addition, something that 1s described as being
“transparent” should be understood as having a property that
allows no sigmificant obstruction or absorption of electro-
magnetic radiation in the particular wavelength (or wave-
lengths) of interest, unless a particular transmittance 1s
provided. It will be further understood that when an element
1s referred to as being “formed™ on another element, 1t can
be grown, deposited, etched, attached, connected, coupled,
or otherwise prepared or fabricated on the other element or
an itervening element.

Embodiments include an LED package comprising an
aluminum nitride (AIN) substrate, a patterned copper layer
with polished portions formed on a first side of the substrate,
at least one LED disposed over the polished portions of the
patterned copper layer, covers incorporating one or more
phosphors disposed over the LEDs, a silicone {ill and dam
walls. The silicone fill 1s bordered by silicone dam walls and
silicone fill surfaces and 1s formed 1n between the LEDs and
covers. In some embodiments, the silicone fill does not
extend over the covers. The silicone fill surface and the ends
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of the dam walls are substantially planar with a side of the
substrate. The LED package can also include a thermal pad
disposed on an opposite side of the substrate.
Embodiments also include an LED package comprising a
substrate, a patterned copper layer formed on a first side of
the substrate, wherein the patterned copper layer comprises
polished portions on the surface opposite the substrate, a
gold layer formed on at least one polished portion of the
patterned copper layer, and an LED attached to the gold
layer formed on the polished portion of the patterned copper
layer. The substrate can include AIN. The LED can be
attached to the gold layer using AuSn. In embodiments, the
LED package can further include a cover disposed over the
LED, first and second silicone walls formed on two sides of
the LED, a silicone fill, which does not extend over the
cover, formed 1n between the first and second silicone walls
and 1n between at least two LEDs. The cover can incorporate
one or more phosphors and overhang at least one side of the
LED 1t 1s disposed on. The LED package can also include a
thermal pad disposed on an opposite side of the substrate.

The silicone fill that 1s disposed 1n between at least two
LEDs can have a height that extends higher than the height
of the two LEDs 1n a region between the two LEDs.
Alternatively, the silicone fill that 1s disposed 1n between at
least two LEDs can have a height that extends lower than the
height of the two LEDs 1n a region between the two LEDs.
Alternatively, the silicone fill that 1s disposed 1n between at
least two LEDs can have a height that 1s substantially the
same as the height of the two LEDs 1n a region between the
two LEDs. A second thermal pad can also be disposed on the
same side of the substrate as the first thermal pad, the second
thermal pad being separated from the first thermal pad by a
gap larger than 400 micrometer.

Embodiments for fabricating an LED package include
providing a substrate, disposing a patterned copper layer on
the substrate, wherein a portion of the patterned copper layer
1s polished, disposing a first LED and a second LED on the
polished portion of the patterned copper layer, disposing a
first cover on the first LED and a second cover on the second
LED, dispensing linearly a first dam wall and a second dam
wall along opposite sides of the first LED and the second
LED, dispensing a silicone fill 1n between the first dam wall
and the second dam wall and 1n between the first LED and
second LED, and forming a first silicone fill surface that 1s
substantially planar with a first end of the substrate by
separating the LED package. The first cover and the second
cover can include one or more phosphors. The first dam wall
and the second dam wall can include silicone. The substrate
can 1nclude aluminum nitride (AIN). The silicone fill can be
dispensed so that it does not extend over the first cover or the
second cover. A transient voltage suppression (ITVS) chip
can be disposed onto the patterned copper layer. A gold layer
can be formed on at least one polished portion of the
patterned copper layer. The first LED and the second LED
can be disposed on the gold layer. The first LED and the
second LED can be attached to the gold layer using AuSn
flux. The attachment can be done using reflow bonding. The
silicone fill can be disposed in between the first LED and the
second LED to a height that extends higher than the height
of the two LEDs 1 a region between the two LEDs.
Alternatively, the silicone fill can be disposed in between the
first LED and the second LED to a height that extends lower
than the height of the two LEDs 1n a region between the two
LEDs. Alternatively, the silicone fill can be disposed 1n
between the first LED and the second LED to a height that
1s substantially the same as the height of the two LEDs 1n a
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region between the two LEDs. In additional embodiments, at
least one thermal pad can be dispose on a second side of the
substrate.

FIG. 1 1s an example of an LED package 100 having
superior thermal properties making 1t useful for demanding
applications such as automobile applications. LED package
100 includes top electrical contacts and bottom thermal pads
which improves thermal management of LED package 100
and simplifies lighting system integrations, which reduces
the costs associated with lighting system assemblies. LED
package 100 can further include flip chip LED that are
clectrically coupled to bonding pads for easy connections to
power sources. Flip chip LED can be housed using a robust
ceramic package, which can improve the optical and thermal
properties of the entire LED package 100. The robust
ceramic package can include a ceramic substrate such as
aluminum nitride (AIN) or other ceramic substrate. LED
package 100 can also include transient voltage suppression
(TVS) chip, which allows for electrostatic discharge (ESD)
protection. The top electrical contacts, bottom thermal pads,
and robust ceramic packaging can improve corrosion resis-
tance properties of LED package 100.

LED package 100 can be used 1n automotive applications
such as for low beam headlights, high beam headlights
bending headlights, daytime running lights, fog lights, and
adaptive lighting (AFS). Additional details of using LED
package 100 1n automobiles and other applications are
described herein with reference to FIGS. 8A-8D.

FIG. 2 1s an 1illustration showing details of an LED
package 200 having superior thermal properties and corro-
s1on properties making i1t useful for use 1n harsher environ-
ments such as automobiles. LED package 200 includes a
substrate 210, electrical connections (212a, 2125), electrical
testing pads (214a, 214b), silicone fill 216, silicone fill
surfaces (218a, 218b), LEDs with covers incorporating one
or more phosphors (220a, 2205, 220c), gaps separating
covers (222a, 2225), dam walls (224a, 224b), and dam wall
ends (226a, 226b, 226¢, 226d). Substrate 210 can be a
ceramic substrate such aluminum mitride (AIN). Electrical
connections (212a, 2125) can be a patterned copper layer
formed on a first side of the substrate 210. The patterned
copper layer can further include polished portions on the
surface opposite the substrate 210. The electrical testing
pads (214a, 214b) can be formed as part of the electrical
contacts and are used to connect testing probes to the
clectrical contacts. In some embodiments, electrical testing
pads (214a, 214b) can also be removed once testing has been
completed.

A gold layer can be formed on parts of the polished
portion of the patterned copper layer. Light emitting diodes
are disposed over the gold layers. The gold layer 1s used to
make a more reliable electrical connection between the light
emitting diodes and the patterned copper layer. Also, the
gold layer and the light emitting diodes can be formed over
the polished portions of the patterned copper layer to form
a more reliable electrical connection. Although LED pack-
age 200 1s shown to have three light emitting diodes, those
skilled 1n the art will realize that LED package 200 can be
made with one or more LEDs. For example, LED package
200 can be made to have n LEDs linearly disposed (where
n 1s an mteger) or an array ol nxm LEDs disposed (where n
and m are integers). In one embodiment, there are 6 LEDs
linearly disposed and in another embodiment there are 6
LEDs disposed as a 2x3 array. In some embodiments, the
LEDs can be attached to the gold layer using a gold-tin
(AuSn) material. In other embodiments a reflow process can
be used to attach the LEDs to the gold layer.
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Covers (220a, 2205, 220c¢) incorporating one or more
phosphors are disposed over the light emitting diodes. The
covers (220a, 2205, 220c¢) include one or more phosphors
that are used to convert light from the light emitting diodes
into light of different wavelengths. For example, 1n one
embodiment the light emitting diodes emit blue light and the
phosphors are used to convert the blue light into whaite light.
In other embodiments, the light emitting diodes emit either
red, blue, UV light and the phosphors are used to convert
that light into white light or other frequencies. Covers (220a,
2200, 220c¢) mcorporating phosphors can be made of mate-
rials such as ceramic, glass, or silicone. Covers (220a, 2205,
220c¢) incorporating phosphors are separated by gaps (222a,
22b). Covers (220a, 2205, 220¢) incorporating phosphor can
also be larger 1n area than the light emitting diodes that they
are disposed over and can overhang at least one side of the
light emitting diode they are disposed over.

Dam walls (224a, 2245b) are formed on both sides of the
light emitting diodes and the covers (220a, 22056, 220c¢).
Dam walls (224a, 224b) are made of silicone which has been
linearly dispersed and cured in place. Dam walls (224a,
224b) can also be made of high viscosity white silicone.
Silicone fill 216 1s dispensed 1n between dam walls (2244,
224b) and 1n between the light emitting diodes and covers
(220a, 2205, 220c¢). Silicone fill 216 can also cured so that
it 1s set 1n place. In one embodiment, dam walls (224a, 2245b)
are cured first and the silicone fill 216 1s cured at a later time.
In other embodiments, dam walls (224a, 2245) and silicone
fill 216 can be cured at the same time. Further 1n some
embodiments, silicone fill 216 can made of a lower viscosity
silicone than the silicone used 1in dam walls (224a, 224b).
Silicone fill 216 1s bordered by dam walls (224a, 22456) on
two sides and by silicone fill surfaces (218a, 2185) on the
other two sides. The silicone fill surfaces (218a, 2185),
which are formed by cutting (or singulation) the LED
package 200 from other packages during the manufacturing,
process, 1s made of the same silicone as the silicone fill 216,
except that it 1s a surface that has been cut. The cutting (or

singulation process) that 1s used to make LED package 200
also forms dam wall ends (226a, 2265, 226c, 2264) and

substrate ends (228a, 2285b), both of which are the ends
resulting from the cutting or singulation process. Each of the
silicone 11l surfaces (218a) 1s substantially planar with a
substrate end (228a) and two of the dam wall ends (2264,
226b0). As turther described with reference to FIGS. 5a-5d
and 6a-6¢, 1n some embodiments, silicone fill 216 1s not
disposed on top of covers (220a, 2205, 220¢) and can have
various shapes.

FIG. 3 1s a flowchart illustrating techniques used to
tabricate LED package 200. In operation 310, a substrate 1s
provided. The substrate can be a ceramic substrate such as
aluminum nitride (AIN). In operation 312, the electrical
connections are formed on the substrate. In one embodi-
ment, the electrical connections are a patterned copper layer
that 1s formed on the AIN substrate. The patterned copper
layer can be deposited onto the substrate using various
techniques. The patterned copper layer can also have por-
tions of 1t polished. In operation 314, a light emitting diode
and/or transient voltage suppression (1SV) chip 1s attached
to the patterned copper layer. In this operation, a gold layer
can also be deposited onto at least the polished portion
region of the patterned copper layer 1n the area that the light
emitting diode and TSV chip will be attached. The light
emitting diode and TSV chip can be attached using gold tin
(AuSn) or other flux. In some embodiments, a reflow
process can be used. In operation 314, the substrate and the
patterned copper layer are cleaned off for contaminants such
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as organic contaminants, oxides etc. using etchants and/or
solvents which can be (but not necessarily limited to)
1sopropyl alcohol (IPA), acetone, and/or phosphoric acid.

In operation 316, a cover incorporating one oOr more
phosphors 1s disposed over each of the light emitting diodes.
Each cover includes one or more phosphors that are used to
convert light from the light emitting diodes into light of
different wavelengths. For example, in one embodiment the
light emitting diodes emit blue light and the phosphors are
used to convert the blue light mnto white light. In other
embodiments, the light emitting diodes emit either red, blue,
UV light and the phosphors are used to convert that light into
white light or other frequencies. Covers incorporating one or
more phosphor can be made of materials such as ceramic,
glass, or silicone. Since the covers can be larger in area than
the light emitting diodes that they are disposed over, the
covers can overhang at least one side of the light emitting
diode they are disposed over.

In operation 318, lines of silicone are dispensed on two
sides of the light emitting diodes. The silicone lines can be
cured soon after being dispensed or later as an independent
curing operation or as part ol another curing operation. The
lines of silicone are used to form dam walls for subsequent
filling of additional silicone. In some embodiments the lines
of silicone are viscous enough that they can support the
silicone {ill with or without curing. In other embodiments,
the silicone lines are cured first to form rigid dam walls that
are used to support the subsequently deposited silicone fill
maternal. In operation 320, a silicone fill material 1s disposed
in between the dam walls and 1n between the light emitting
diodes with covers. The silicone fill can also be cured so that
it 1s set 1n place. In some embodiments, the silicone fill 1s
cured after the silicone dam walls deposited 1n operation 318
are cured. In other embodiments, the silicone fill 1s cured at
the same time that the silicone dam walls deposited in
operation 318 are cured. In operation 322, each LED pack-
age 1s singulated or separated from the other LED packages.
The separation or singulation can be done by cutting the
LED packages using a saw, water jet, laser or other cutting
method. After singulation, the sides of the resulting LED
package 200 include a substrate surtace, silicone fill surtace,
and dam wall surfaces, which are all substantially planar.

FIGS. 4A-4D 1illustrate details of an LED package 200 at
various times in the fabrication process. FIG. 4A illustrates
a substrate 210 with patterned copper layers 212 (3 sets)
formed on the substrate 210. FIG. 4B illustrates a subse-
quent operation 1n the fabrication operations and includes
LEDs 219 (3 on each patterned copper layer), a TSV chip
230 disposed on the patterned copper layer 212, covers 220
incorporating one or more phosphors disposed on the LEDs
219, gaps 222 separating the covers, and dam walls 224.
FIG. 4C 1illustrates another subsequent operation in the
tabrication process and includes the substrate 210, patterned
copper layers 212, covers 220 incorporating one or more
phosphors disposed on the LEDs, gaps 222 separating the
covers, dam walls 224, and silicone fill 216. FIG. 4D
illustrates three LED packages 200, after the packages have
been separated (or singulated). Additional details regarding
LED package 200 and the fabrication process are provided
with reference to FIGS. 2-3.

FIGS. 5A-5D are side views of LED package 200 after it
has been singulated. FIGS. 5A-5D include fill surface 2185,
a first dam wall end 2264, a second dam wall end 2264 and
a substrate end 228a. The cutting (or singulation process)
that 1s used to make LED package 200 forms {fill surface
2185, a first dam wall end 2264, a second dam wall end 2265
and a substrate end 228a. Each of the fill surfaces (218a) 1s




US 11,018,287 B2

9

substantially planar with a substrate end (228a) and two of
the dam wall ends (226a, 2265). FIG. SA illustrates an
embodiment where the side view of LED package 200 has
a silicone {ill surtface 218a that 1s concave shaped 1n between
first dam wall 226a and second dam wall 226b6. FIG. 5B
illustrates an embodiment where the side view of LED
package 200 has a silicone fill surface 218a that 1s substan-

tially the same as the first dam wall 226q and the second dam
wall 226b.

FIG. 5C illustrates an embodiment where the side view of
LED package 200 has a silicone fill surface 218a that is
convex shaped in between first dam wall 2264 and second
dam wall 2265. FIG. 5D illustrates an embodiment where
the side view of LED package 200 has a silicone fill surface
218a that 1s a combination of concave, convex and planar
shapes 1n between first dam wall 2264 and second dam wall

2266.

FIGS. 6A-6C are cross sectional views of the LED
package 200 illustrated 1n FIG. 2 along the AA' cutline. The
cross sections illustrated 1n FIGS. 6 A-6C 1nclude a substrate
210, electrical connections 212, silicone fill 216, light emat-
ting diodes (LEDs) 219, covers 220 incorporating one or
more phosphors, and gaps 222 separating the covers. The
covers 220 are shown to be larger than the LEDs 219 and
therefore overhanging at least one side of the LEDs 219. In
embodiments, the silicone fill 216 1s deposited 1n between
the dam walls and the covers but does not go on top of the
covers. FIG. 6A shows the silicone fill 216 formed in the gap
region 222 between the covers 220 and having a height that
1s higher than the tops of at least one of the covers 220. FIG.
6B shows the silicone {ill 216 formed 1n the gap region 222
between the covers 220 and having a height that 1s lower
than the tops of at least one of the covers 220. FIG. 6C shows
the silicone fill 216 formed 1n the gap region 222 between
the covers 220 and having a height that 1s substantially the
same as the tops of at least one of the covers 220.

FIG. 7A 1llustrates the thermal pads (710a, 7105) dis-
posed on the back side of LED package 200. The thermal
pads (710a, 7105) are disposed on the side of the substrate
210 that 1s opposite the side of substrate 210 having the
patterned copper layer. In some embodiments, the thermal
pads (710a, 7105) can be separated by a gap larger than 400
micrometer. FIG. 7B illustrates the metal overlay of the
thermal pads (710a, 7105) and the patterned copper layer
disposed with LED package 200.

FIG. 8A 1s a perspective view illustrating an exemplary
automobile 850 incorporating LED package 200. LED pack-
age 200 can be used for an automobile’s headlights 852 1n
applications such as low beam headlights, high beam head-
lights bending headlights, daytime running lights, fog lights,
and adaptive lighting (AFS). LED package 200 can also be
used 1n other parts of an automobile 850 such as brake lights,
turn signals, engine compartment lights, interior lights, truck
lights, and, so on. FIG. 8B 1s a side view 1illustration of an
exemplary apparatus 800 having a light-emitting device 802.
The light-emitting device 802 may be located 1n a housing
806. The light-emitting device 802 may receive power via a
power connection 804. The light-emitting device 802 may
be configured to emit light. Description pertaining to the
process by which light 1s emitted by the light-emitting
device 802 1s provided with reference to FIGS. 1-7.

FIG. 8C 1s a side view 1illustration of a flashlight 810,
which 1s an exemplary embodiment of an apparatus having,
the light-emitting device 802. The light-emitting device 802
may be located mside of the housing 806. The flashlight 810
may include a power source. In some exemplary embodi-
ments, the power source may include batteries 814 located
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inside of a battery enclosure 812. The power connection 804
may transier power from the power source (e.g., the batteries
814) to the light-emitting device 802.

FIG. 8D 1s a side view illustration of a street light 820,
which 1s another exemplary embodiment of an apparatus
having the light-emitting device 802. The light-emitting
device 802 may be located inside of the housing 806. The
street light 820 may include a power source. In some
exemplary embodiments, the power source may include a
power generator 822. The power connection 804 may trans-
ter power from the power source (e.g., the power generator
822) to the light-emitting device 802.

The mventions and methods described herein can be
viewed as a whole, or as a number of separate mnventions that
can be used independently or mixed and matched as desired.
All 1nventions, steps, processes, devices, and methods
described herein can be mixed and matched as desired. All
previously described features, functions, or 1nventions
described herein or by reference may be mixed and matched
as desired.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
invention. Thus, 1t 1s mtended that the present invention
cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A light emitting diode (LED) package, comprising:

a substrate;

a plurality of LEDs disposed over the substrate;

a plurality of covers comprising phosphor disposed over

the plurality of LEDs, respectively;

a silicone {ill bordered by a dam wall and a plurality of

silicone fill surfaces;

wherein the silicone {ill 1s disposed between the plurality

of LEDs,

wherein the silicone fill does not extend over the plurality

of covers,

wherein the at least one of the plurality of fill surfaces and

a respective end of the dam wall 1s substantially planar
with a first end of the substrate, and

wherein the dam wall comprises silicone.

2. The LED package of claim 1, further comprising a
patterned copper layer disposed between the substrate and
the plurality of LEDs, wherein the patterned copper layer
comprises polished portions on a surface of the patterned
copper layer opposite the substrate.

3. The LED package of claim 2, further comprising a gold
layer disposed on at least one polished portion of the copper
layer, wherein at least one LED of the plurality of LEDs 1s
attached to the gold layer disposed on the polished portion
of the copper layer.

4. The LED package of claim 2, wherein the plurality of
covers each overhang at least one side of each of the
plurality of LEDs, respectively.

5. The LED package of claim 2, wherein the silicone fill
has a height that 1s higher than a height of the plurality of
LEDs 1n a region between the plurality of LED:s.

6. The LED package of claim 2, wherein the silicone fill
has a height that 1s lower than a height of the plurality of
LEDs 1n a region between the plurality of LED:s.

7. The LED package of claim 2, further comprising a
thermal pad disposed on the substrate opposite the plurality
of LEDs.

8. A light emitting diode (LED) package, comprising:

a substrate:
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a patterned copper layer disposed on the substrate;

a gold layer disposed on at least one polished portion of
the copper layer;

a plurality of LEDs disposed on the gold layer;

12

forming the at least one of the plurality of fill surfaces and
a respective end of the dam wall to be substantially
planar with a first end of the substrate.

16. The method of claim 15, further comprising forming

a plurality of covers comprising phosphor disposed over 5 5 patterned copper layer between the substrate and the

the plurality of LEDs, respectively; and

a silicone fill bordered by a dam wall and a plurality of

silicone fill surfaces;

wherein the silicone fill 1s disposed between the plurality

of LEDs,

wherein at least one of the plurality of fill surfaces and a

respective end of the dam wall 1s substantially planar
with a first end of the substrate, and

wherein the dam wall comprise silicone.

9. The LED package of claim 8, wherein the patterned
copper layer comprises polished portions on a surface of the
patterned copper layer opposite the substrate.

10. The LED package of claim 8, wherein the silicone fill
does not extend over the plurality of covers.

11. The LED package of claim 8, wherein the plurality of
covers each overhang at least one side of each of the
plurality of LEDs, respectively.

12. The LED package of claim 8, wherein the silicone fill
has a height that 1s higher than a height of the plurality of
LEDs 1n a region between the plurality of LED:s.

13. The LED package of claim 8, wherein the silicone fill
has a height that 1s lower than a height of the plurality of
LEDs 1n a region between the plurality of LEDs.

14. The LED package of claim 8, further comprising a
thermal pad disposed on the substrate opposite the plurality
of LEDs.

15. A method of fabricating a light emitting diode (LED)
package, comprising:

providing a substrate;

disposing a plurality of LEDs over the substrate;

disposing a plurality of covers comprising phosphor over

the plurality of LEDs, respectively;

disposing a silicone fill bordered by a dam wall and a

plurality of silicone fill surfaces, such that the silicone
{11l 1s disposed between the plurality of LEDs and the
silicone fill does not extend over the plurality of covers,
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plurality of LEDs, wherein the patterned copper layer com-
prises polished portions on a surface of the patterned copper
layer opposite the substrate.
17. The method of claim 16, further comprising forming
a gold layer on at least one polished portion of the patterned
copper layer, such that at least one LED of the plurality of
LEDs 1s attached to the gold layer disposed on the polished
portion of the copper layer.
18. The method of claim 16, further comprising disposing
a transient voltage suppression (IVS) chip to the patterned
copper layer.
19. A method of fabricating a light emitting diode (LED)
package, comprising;:
providing a substrate;
disposing a patterned copper layer on the substrate;
disposing a gold layer on at least one polished portion of
the copper layer;
attaching a plurality of LEDs to the gold layer;
disposing a plurality of covers comprising phosphor over
the plurality of LEDs, respectively; and
forming a silicone fill bordered by a dam wall and a
plurality of silicone fill surfaces, such that silicone fill
1s disposed between the plurality of LEDs, and at least
one of the plurality of fill surfaces and a respective end
of the dam wall 1s substantially planar with a first end
of the substrate.
20. The method of claim 19, further comprising forming,
the silicone fill to not extend over the plurality of covers.
21. The LED package of claim 19, further comprising
disposing the plurality of covers to each overhang at least
one side of each of the plurality of LEDs, respectively.
22. The method of claim 19, further comprising disposing,
a transient voltage suppression (IVS) chip to the patterned
copper layer.
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